The two heads of smooth muscle myosin are enzymatically independent but mechanically interactive.
The interaction between the two heads of myosin II during motion and force production is poorly understood. To examine this issue, we developed an expression and purification strategy to isolate homogeneous populations of heterodimeric smooth muscle heavy meromyosins containing heads with different properties. As an extreme example, we characterized a heterodimer containing one native head and one head locked in a "weak binding" state by a point mutation in switch 2 (E470A). The in vitro actin filament motility of this heterodimer was the same as the homodimeric control with two cycling heads, suggesting that only one head of a pair actively interacts with actin to generate maximal velocity. A second naturally occurring heterodimer contained two cycling heads with 2-fold different activity, due to the presence or absence of a 7-amino acid insert near the active site. Enzymatically this (+/-) insert heterodimer was indistinguishable from a (50:50) mixture of the two homodimers, but its motility averaged 17% less than that of the mixture. These data suggest that one head of a heterodimer can disproportionately affect the mechanics of double-headed myosin, a finding relevant to our understanding of heterozygous mutant myosins found in disease states like familial hypertrophic cardiomyopathy.